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,Q WKLV SDSHU ZH SUHVHQW D IXOO\ FRXSOHG &)'0XOWL%RG\
'\QDPLFVDQDO\VLVWRROWRH[DPLQHWKLVSUREOHP7KHIOXLGIORZ
DURXQGWKHWXUELQH LVVROYHGXVLQJDKLJKILGHOLW\&)'PHWKRG
ZKLOH WKH VWUXFWXUDO G\QDPLFV RI IOH[LEOH EODGHV LV SUHGLFWHG
XVLQJDQRSHQVRXUFHFRGH0%'\QLQZKLFKWKHIOH[LEOHEODGHV
DUHPRGHOOHGYLD D VHULHVRI EHDPHOHPHQWV)LUVWO\ D IOH[LEOH
FDQWLOHYHUEHDP LV VLPXODWHG WRYHULI\ WKHGHYHORSHG WRRO7KH
15(/  0: RIIVKRUH ZLQG WXUELQH LV WKHQ VWXGLHG ZLWK ERWK
ULJLGDQGIOH[LEOHEODGHVWRDQDO\VHWKHDHURHODVWLFLQIOXHQFHRQ
WKH ZLQG WXUELQH VWUXFWXUDO UHVSRQVH DQG DHURG\QDPLF





WKH HFRQRPLF FRVWV ,W LV UHSRUWHGE\:LQG(XURSH >@ WKDW WKH
DYHUDJH UDWHG SRZHU FDSDFLW\ LV  0: IRU ZLQG WXUELQHV
LQVWDOOHGGXULQJWKHILUVWKDOIRI)RUDW\SLFDORIIVKRUHZLQG
WXUELQHZLWKDFDSDFLW\RI0:WKHURWRUGLDPHWHULVPHWHUV
>@ IRU ZKLFK WKH DHURHODVWLFLW\ RI WKH VOHQGHU WXUELQH EODGH
FDQQRWEHLJQRUHGGXULQJWKHGHVLJQDQGRSHUDWLQJVWDJHV 
7KHVWXG\RQ WKHDHURG\QDPLFSHUIRUPDQFHDQGVWUXFWXUDO
UHVSRQVH RI ZLQG WXUELQHV ZLWK IOH[LEOH EODGHV KDV EHHQ GRQH
ZLWKGLIIHUHQWDQDO\VLVWRROVDWYDULRXVRUGHUVRIDFFXUDF\7KH




UHTXLUHVEODGHPRGHVKDSHVDV LQSXW0RUH VRSKLVWLFDWHG WRROV
LQYROYHWKHFRXSOLQJRI&RPSXWDWLRQDO)OXLG'\QDPLFV&)'
DQG&RPSXWDWLRQDO6WUXFWXUDO'\QDPLFV&6'FRGHVVXFKDV>




0%' FRGH 0%'\Q7KH IOH[LELOLW\ RI EODGHV ZDV PRGHOOHG
ZLWK D VHULHVRI EHDPHOHPHQWV ZKLFK FDQEH MXVWLILHGE\ WKH
VOHQGHUFKDUDFWHULVWLFVRIWKHWXUELQHEODGHVVLPLODUDVLQ>@ 




DIRUHPHQWLRQHG 0%' FRGH 0%'\Q ,Q SDUWLFXODU WKH
DHURG\QDPLF ORDGLQJ HVWLPDWHG E\ &)' LQWHUDFWHG ZLWK




/DERUDWRU\ &RORUDGR 86$  0: EDVHOLQH RIIVKRUH ZLQG
WXUELQH>@ZLWKERWKULJLGDQGIOH[LEOHEODGHVLVWKHQPRGHOOHG
&RPSDULVRQVEHWZHHQWKHSUHVHQWUHVXOWVZLWKRWKHUSXEOLFGDWD
DUH PDGH LQ WKH DVSHFWV RI WXUELQH VWUXFWXUDO UHVSRQVH DQG













LQFRPSUHVVLEOH DQG WXUEXOHQW IORZRI 1HZWRQLDQ IOXLGV ZLWK D
PRYLQJ PHVK 7KH IOXLG IORZ LV JRYHUQHG E\ WKH FRQWLQXLW\
HTXDWLRQDQG1DYLHU6WRNHVHTXDWLRQV 
 0  U    
  ( ) Tg effpt QU
w  ª ºª º       ¬ ¼ ¬ ¼w
U U U U U U    
ZKHUH U  DQG gU  UHSUHVHQWWKHYHORFLW\RIIORZILHOGDQGJULG
QRGHVUHVSHFWLYHO\ p  LVWKHSUHVVXUHRIIORZILHOG U  LVWKH
IOXLG GHQVLW\
eff tQ Q Q   GHQRWHV WKH HIIHFWLYH NLQHPDWLF
YLVFRVLW\RI IOXLG LQZKLFK Q  DQG tQ  DUH WKHNLQHPDWLFDQG











7KHG\QDPLFUHVSRQVHRI WKHVWUXFWXUH LV VROYHGXVLQJ WKH
RSHQ VRXUFH JHQHUDOSXUSRVH 0%' FRGH 0%'\Q 7KH FRGH
DGRSWV D /DJUDQJH PXOWLSOLHU RU UHGXQGDQW FRRUGLQDWH VHW
IRUPXODWLRQ IRU D PXOWLERG\ V\VWHP FRQVLVWLQJ RI ULJLG DQG
IOH[LEOHERGLHVFRQQHFWHGE\NLQHPDWLFFRQVWUDLQWV>@)RUHDFK
ERG\ RI WKH FRQVWUDLQHG V\VWHP 1HZWRQ(XOHU HTXDWLRQV RI
PRWLRQDUHHVWDEOLVKHGLQGLIIHUHQWLDODOJHEUDLFIRUPDVDVHWRI
ILUVWRUGHU HTXDWLRQV WRJHWKHU ZLWK WKH FRQVWUDLQW HTXDWLRQ DV
IROORZV 
  Mx p    
  , , tI  Txp Ȝ f x x    
  , 0tI  x    
ZKHUH M  LVWKHLQHUWLDPDWUL[RIWKHERG\ x  UHSUHVHQWVWKH
YHFWRURIWKHJHQHUDOLVHGFRRUGLQDWHVLQFOXGLQJERWKWUDQVODWLRQDO
DQGURWDWLRQDOSDUDPHWHUVLQWKHJOREDOUHIHUHQFHIUDPHWKHGRW
RSHUDWRUDERYHDYDULDEOHGHQRWHV LWVGHULYDWLYH WR WLPH p  LV
WKHPRPHQWXPRIWKHERG\ I  LVDVHWRINLQHPDWLFFRQVWUDLQWV
DSSOLHGRQWKHERG\DQG ITx  LVWKH-DFRELDQRI I  ZLWKUHVSHFW
WRWKHJHQHUDOL]HGFRRUGLQDWHV x  f  LVWKHH[WHUQDOIRUFHDQG







HYDOXDWLRQ SRLQWV LQGLFDWHG DV VTXDUHV LQ )LJXUH  7KH WKUHH
EHDPHOHPHQWSRUWLRQVDUHDVVRFLDWHGZLWKWKUHHUHIHUHQFHSRLQWV




DQG LQWHUQDO IRUFHV DV ZHOO DV PRPHQWV ([WHUQDO IRUFHV DQG
PRPHQWVDUHLQWHJUDWHGRYHUHYHU\EHDPHOHPHQWSRUWLRQUHODWHG
WRDUHIHUHQFHSRLQWDQGODWHUWUDQVODWHGWRDFRUUHVSRQGLQJQRGH
0HDQZKLOH LQWHUQDO IRUFHV DQG PRPHQWV DUH HYDOXDWHG DW WKH
FURVVVHFWLRQVRIWKHHYDOXDWLRQSRLQWVDQGWKH\DUHUHODWHGWRWKH
JHRPHWULFDO VWUDLQV DQG FXUYDWXUHV YLD WKH FRQVWLWXWLYH ODZV
VSHFLILHGE\XVHUV$V\VWHPRIHTXLOLEULXPHTXDWLRQV LH(T
LVWKHQHVWDEOLVKHGDQGVROYHGIRUDOOJHRPHWULFDOQRGHV





,Q WKH DSSOLFDWLRQ RI ZLQG WXUELQHV PRGHOOLQJ D WXUELQH
EODGH ZLWK EHDP HOHPHQWV FRXOG EH MXVWLILHG EHFDXVH RI WKH
VOHQGHU FKDUDFWHULVWLFV RI WKH EODGH $V FRPSDUHG WR
FRQYHQWLRQDOO\ XVHG )LQLWH (OHPHQW $QDO\VLV )($ WRROV
DGRSWLQJ D 0%' EHDP PRGHO IRU IOH[LEOH EODGHV FDQ GLUHFWO\
KDQGOHWKHDUELWUDU\PRWLRQRIDQDHURHODVWLFV\VWHPHJULJLG
ERG\PRWLRQ>@*LYHQDQRIIVKRUHIORDWLQJZLQGWXUELQHFDVH
WKH DERYH IXQFWLRQDOLW\ FRXOG FRSH ZLWK WKH URWDWLRQ RI WKH
WXUELQHDVZHOODVWKHVXUJHKHDYHDQGSLWFKPRWLRQRIDIORDWLQJ




2QH RI WKH FKDOOHQJHV IRU D IXOO\ FRXSOHG QXPHULFDO
VLPXODWLRQRQ DQ RIIVKRUH ZLQG WXUELQH ZLWK IOH[LEOHEODGHV LV
KRZWRKDQGOHWKHFRPSXWDWLRQDOPHVKPRWLRQWRUHSUHVHQWWKH
FRPSOH[ ERG\ PRYHPHQW LQYROYHG ,Q DGGLWLRQ WR WKH WXUELQH




PHVK IRU JOREDO ZLQG WXUELQH URWDWLRQ ZLWK ULJLG EODGHV
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LPSOHPHQWDWLRQ RI WKH VOLGLQJ PHVK WHFKQLTXH ZKLOH WKH
G\QDPLFPHVKOLEUDU\WDNHVFDUHRIWKHORFDOEODGHGHIRUPDWLRQ 
,QRUGHUWRPDLQWDLQWKHTXDOLW\RIWKHFRPSXWDWLRQDOPHVK
WKH JOREDO URWDWLRQ LV ILUVWO\ VXEWUDFWHG IURP WKH SRLQW
GLVSODFHPHQWRIWKH)6,LQWHUIDFHLHWKHWXUELQHEODGHVXUIDFHV
7KH PHVK PRWLRQ VROYHU WKHQ WDNHV WKH WHPSRUDU\ SRLQW
GLVSODFHPHQW RI WKH VWUXFWXUH ERXQGDULHV DV WKH ERXQGDU\
FRQGLWLRQ RI WKH /DSODFH HTXDWLRQ DV VKRZQ LQ (T  DQG






RI VROLG ERG\ PRWLRQ WR WDNH WKH JOREDO URWDWLRQ LQWR
FRQVLGHUDWLRQ 
   0gJ   x    
ZKHUH gx  LVWKHGLVSODFHPHQWRIWKHLQWHUQDOPHVKFHOOFHQWUHV
21 rJ   UHSUHVHQWV WKH GLIIXVLRQ FRHIILFLHQW DQG r  LV WKH
GLVWDQFHIURPPHVKFHOOFHQWUHVWRWKHVWUXFWXUHERXQGDULHV 
&RXSOLQJ6WUDWHJ\ 
7KH &)' VROYHU SLPSOH'\0)RDP DQG WKH 0%' FRGH
0%'\QDUHFRXSOHGYLDPRWLRQDQGIRUFHGDWDH[FKDQJHZLWKWKH
KHOSRID7&3,3LQWHUQHWSURWRFRO,QJHQHUDOWKHNLQHPDWLFVRI
WKH JHRPHWULF QRGHV UHSUHVHQWLQJ WKH ERGLHV VSHFLILFDOO\ WKH
SRVLWLRQDQGRULHQWDWLRQLQWKHJOREDOUHIHUHQFHIUDPHFDOFXODWHG
LQ0%'\QDUH WUDQVIHUUHG WR WKH&)'VROYHU0HDQZKLOH WKH
H[WHUQDO DHURG\QDPLF IRUFH DQG PRPHQW DUH LQWHJUDWHG LQ WKH
&)'VROYHURYHUHDFKERG\VXUIDFHDQGVXEVHTXHQWO\WUDQVIHUUHG
WR0%'\Q6LQFHDFRPSOHWHVHWRIGDWDH[FKDQJHLQWHUIDFHVLV
DYDLODEOH LQ 0%'\Q RQO\ DQ LQWHUIDFH FODVV QHHGV WR EH
LPSOHPHQWHGLQ2SHQ)2$07KLVFDQEHDFKLHYHGE\ZUDSSLQJ
WKH FRUUHVSRQGLQJ IXQFWLRQV WR UHFHLYH PRWLRQ IURP DQG VHQG




7KH FRPPXQLFDWLRQ EHWZHHQ 2SHQ)2$0 DQG 0%'\Q LV
SHUIRUPHG DW WKH LWHUDWLRQ OHYHO VR WKDW D VWURQJ FRXSOLQJ LV
DFKLHYHGZLWKUREXVWDQGTXLFNFRQYHUJHQFH:LWKLQHDFKWLPH
VWHSGDWDLVH[FKDQJHGEHWZHHQ2SHQ)2$0DQG0%'\QIRUD
FRXSOH RI WLPHV XQWLO WKH IORZ ILHOG HYHQWXDOO\ FRQYHUJHV
0%'\Q WKHQ FRQWLQXHV LWV LWHUDWLRQ ZLWK WKH H[WHUQDO ORDGLQJ
UHFHLYHG IURP ODVW GDWD WUDQVIHU XQWLO VWUXFWXUDO UHVSRQVH
DSSURDFKHVDFRQYHUJHGVWDWXV 
$VLW LVPHQWLRQHGHDUOLHUDIOH[LEOHZLQGWXUELQHEODGH LV









7R YDOLGDWH WKH GHYHORSHG WRRO IRU )6, DSSOLFDWLRQV D
EHQFKPDUN FDVH SUHYLRXVO\ VWXGLHG E\ PDQ\ UHVHDUFKHUV >
@LVLQYHVWLJDWHGZKHUHDIOH[LEOHFDQWLOHYHUEHDPLVDWWDFKHG
WRDULJLGVTXDUHF\OLQGHULQDFXUUHQWDVVKRZQLQ)LJXUH,WLV





DQG ]HUR SUHVVXUH LV DSSOLHG DW WKH ULJKW RXWOHW ERXQGDU\7KH
V\PPHWU\ERXQGDU\FRQGLWLRQLVDVVXPHGDWWKHWRSDQGERWWRP
ZKLOH DQ HPSW\ ERXQGDU\ FRQGLWLRQ ZKLFK LQ 2SHQ)2$0
LQGLFDWHV D ' VLPXODWLRQ LV HPSOR\HG IRU WKH IURQW DQGEDFN







Density ߩ௦ ݇݃ ݉ଷΤ  100 
<RXQJ¶V0RGXOXV ܧ ܲܽ 2.5E5 
3RLVVRQ¶V5DWLR - 0.35 
Fluid 
Density ߩ௙ ݇݃ ݉ଷΤ  1.18 
Kinematic Viscosity ߥ௙ ݉ଶ ݏΤ  1.54E-5 
)LJXUHGHPRQVWUDWHVWKHFRPSXWDWLRQDOPHVKZLWKDWRWDO
QXPEHURIVWUXFWXUHGFHOOVIRUWKH&)'VROYHUDQGPHVK




,Q WKH 0%' PRGHO WKH IOH[LEOH FDQWLOHYHU EHDP LV
UHSUHVHQWHGE\ IRXUEHDPHOHPHQWVDVVKRZQLQ)LJXUH7ZR
DGMDFHQWEHDPHOHPHQWV VKDUHD VDPHJHRPHWULFDOQRGH6LQFH











)LJXUH  7KH RVFLOODWLRQ RI WKH EHDP LQGXFHG E\ WKH YRUWH[
VKHGGLQJ IURP WKH IURQW F\OLQGHU JUDGXDOO\ GHYHORSV LQWR D
KDUPRQLF PRGH ZLWK D FRQVWDQW DPSOLWXGH DQG IUHTXHQF\ RI













Present 1.03 3.18 
Habchi, et al. [12] 1.02 3.25 
Wood, et al. [13] 1.15 2.94 
Mathieu, et al. [14] 0.95 3.17 
Matthies and 
Steindorf [15] 1.18 3.13 
)LJXUHVKRZVWKHVKDSHRIWKHFDQWLOHYHUEHDPDWGLIIHUHQW
WLPHLQVWDQWVUHSUHVHQWHGE\DVHULHVRIGDVKHGFXUYHVRYHURQH





6QDSVKRWVRI WKH IOXLG ILHOGDUHDOVR VKRZQ LQ )LJXUHDW








a) Time = T0 
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b) Time = T0 + T/4 
 

















ERXQGDU\ DQG ]HURSUHVVXUH LV DSSOLHG DW WKH 2XWOHW ERXQGDU\
7KH1HXPDQQERXQGDU\FRQGLWLRQLVDVVXPHGIRUERWKYHORFLW\
DQGSUHVVXUHDW WKH)DUILHOGERXQGDULHVZKLOHD ZDOOERXQGDU\





WKH WXUELQH LQFOXGLQJ WKH WXUELQHEODGHVDQG WKHKXEZKLOH WKH
QDFHOOHDQG WKH WRZHUDUHSODFHG LQVLGH WKHRXWVLGHJULGZKLFK
UHPDLQV VWDWLF GXULQJ WKH VLPXODWLRQ 7KH URWDWLRQ UHJLRQ





















7KH VWUXFWXUDO PRGHO IRU WKH 15(/  0: RIIVKRUH ZLQG
WXUELQHLVLOOXVWUDWHGLQ)LJXUH7ZHOYHQRGHEHDPHOHPHQWV









WKH KXE QRGH DUH FRQQHFWHG ZLWK D FODPS FRQVWUDLQW LH QR






WKH 2IIVKRUH &RGH &RPSDULVRQ &ROODERUDWLRQ 2& SURMHFW







Case DOFs Wind Condition 
2.1a Rigid blades: constant 
rotor speed, 9 RPM 
Uniform, 8 m/s 
3.1 Flexible blades: constant 
rotor speed, 9 RPM 
5(68/76$1'',6&866,21 
,Q WKLV SDUW RXU VLPXODWLRQ UHVXOWV ZLOO EH SUHVHQWHG DQG
FRPSDUHGZLWKDYDLODEOHGDWDIURP%(0EDVHG15(/)$67Y
LQWKH2&SURMHFW>@DQGWKH&)'EDVHG&)'6KLS,RZD>@





WKH ULJLG JUH\ DQG IOH[LEOH EOXH EODGHV DOVR FRPPRQO\
UHIHUUHG WR DV RXWRISODQH GHIOHFWLRQ LQ WKH UHIHUHQFH IUDPH
UHSUHVHQWHG E\ WKH URWRU SODQH DQG URWRU D[LV $ SRVLWLYH
GHIOHFWLRQSRLQWVWRZDUGVWKHGRZQZLQGGLUHFWLRQ,WVKRXOGEH
QRWHGWKDWWKHUHLVDVKDIWWLOWDQJOHRIEHWZHHQWKHURWRUD[LV

















  &RS\ULJKWE\$60( 
7KHSUHVHQWVLPXODWLRQSUHGLFWVDPHDQWLSGHIOHFWLRQRI
PZKLOH&)'6KLS,RZDDQG15(/)$67HVWLPDWHDELWODUJHU








Deflection (m) Present CFDShip-Iowa NREL FAST 
Mean 3.148 3.592 3.244 
Min 3.081 3.510 3.109 
Max 3.255 3.692 3.370 
ı 0.056 0.059 0.090 
$HURG\QDPLF3HUIRUPDQFH 
,Q RUGHU WR H[DPLQH WKH HIIHFWV RI EODGH HODVWLFLW\ RQ WKH
ZLQGWXUELQHDHURG\QDPLFSHUIRUPDQFHWKHWKUXVWDQGWRUTXHIRU
&DVHVDDQGDUHSORWWHG LQ )LJXUHDQGTXDQWLWDWLYHO\









WKHVH GHYLDWLRQV DUH FORVHO\ OLQNHG WR WKH YDULDEOH URWRU VSHHG
FRQWUROOHU DSSOLHG LQ 15(/ )$67 VLPXODWLRQV ZKLFK LV QRW
LQFOXGHG LQ WKH SUHVHQW DQG &)'6KLS,RZD PRGHOOLQJ ,W LV
WKRXJKW WKDW WKH FRQWUROOHU LV DEOH WR DGDSW WKH URWRU URWDWLRQ
VLPXOWDQHRXVO\ ZLWK WKH LQFRPLQJ ZLQG VSHHG LQ RUGHU WR






Thrust (kN) Torque (kN*m) 
Mean ı Mean ı 
Present 
2.1a 393.8 2.36 2218.5 27.05 
3.1 400.6 2.12 2245.2 24.39 
CFDShip-
Iowa 
2.1a 388.9 2.71 1945.7 27.53 
3.1 402.6 2.30 1934.6 25.73 
NREL 
FAST 
2.1a 385.0 2.60 2096.4 27.37 
3.1 409.6 1.46 2031.6 5.87 
)LJXUHGLVSOD\V WKHSUHVVXUHGLVWULEXWLRQDW WKUHHUDGLDO
VHFWLRQV RI %ODGH  LH   DQG  RI EODGH UDGLXV
ZKHQ WKHEODGH LVDW WKH WRSRI WKHURWRUSODQH%RWKULJLGDQG
IOH[LEOH VLPXODWLRQV DUH SORWWHG IRU WKH FRPSDULVRQ 1R
VLJQLILFDQWGLIIHUHQFHVFDQEHREVHUYHG IRUD IOH[LEOHDQGULJLG
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)LJXUH  LOOXVWUDWHV WKH YRUWH[ FRQWRXU RI WKH VHFRQG
LQYDULDQW RI WKH UDWH RI VWUDLQ WHQVRU 4 4    FRORXUHG E\
YHORFLW\ FRPSRQHQW 8[ &OHDUO\ VHHQ IURP WKH ILJXUH VWURQJ











SUHGLFWLQJ WKH IOH[LEOH VWUXFWXUDO UHVSRQVH$FXVWRPLVHG PHVK
PRWLRQ VROYHU LV GHYHORSHG WR KDQGOH PRYLQJ PHVK LQYROYLQJ
ERWK JOREDO WXUELQH URWDWLRQ DQG ORFDOLVHG EODGH GHIRUPDWLRQ
7KLV VROYHU DOVR VHUYHV DV WKH EULGJH FRQQHFWLQJ WKH IORZ DQG
VWUXFWXUDOVROYHUV 
$EHQFKPDUNFDVHRIDIOH[LEOHFDQWLOHYHUEHDPVXEMHFWWR
WKH YRUWLFHV LQ WKH ZDNH RI D IL[HG VTXDUH F\OLQGHU LV ILUVWO\
LQYHVWLJDWHG WR YDOLGDWH WKH DQDO\VLV WRRO 7KH SUHGLFWHG
RVFLOODWLQJDPSOLWXGHDQGIUHTXHQF\RIWKHWLSGLVSODFHPHQWDUH
FRPSDUHGZLWKSUHYLRXVUHVXOWVDQGJRRGDJUHHPHQWLVDFKLHYHG 
7KH 15(/  0: EDVHOLQH RIIVKRUH ZLQG WXUELQH LV
VXEVHTXHQWO\PRGHOOHGZLWKERWKULJLGDQGIOH[LEOHEODGHVXVLQJ
WKH GHYHORSHG &)'0%' DQDO\VLV WRRO 0RGHOOLQJ UHVXOWV DUH
DQDO\VHGDQGFRPSDUHGZLWKSXEOLFO\DYDLODEOHGDWDIURP,RZD
&)' FRGH DQG %(0EDVHG 15(/ )$67 2XU SUHGLFWHG WLPH
PHDQ EODGH IODSZLVH WLS GHIOHFWLRQ RI  P LV LQ JRRG
DJUHHPHQWZLWKRWKHUV'XHWRWKHH[FOXVLRQRIDYDULDEOHURWRU
VSHHG FRQWUROOHU LQ WKH &)' PRGHOOLQJ WKH WXUELQH WKUXVW DQG
WRUTXHREWDLQHGE\ WZR&)'WRROV ,RZD&)'DQG WKHSUHVHQW
&)'DUHQRWPXFKDIIHFWHGE\WKHEODGHGHIRUPDWLRQZKLFKLV
MXVWLILHG E\ WKH DOPRVW LGHQWLFDO SUHVVXUH GLVWULEXWLRQ DW WKUHH
EODGHVSDQZLVHVHFWLRQVIRUERWKDULJLGDQGIOH[LEOHEODGH7KH
JRRGDJUHHPHQWDFKLHYHGEHWZHHQ WKHSUHVHQW UHVXOWVDQGGDWD
REWDLQHG XVLQJ ,RZD &)' DQG )$67 KDV GHPRQVWUDWHG DQG
YHULILHGWKHFDSDELOLW\RIRXUWRRO7KHSURSRVHGDSSURDFKZLOO
WKHQEHH[WHQGHGWRLQYHVWLJDWHIORDWLQJRIIVKRUHZLQGWXUELQHV
ZLWK GHIRUPDEOH EODGHV XQGHU PRUH FRPSOH[ HQYLURQPHQWDO
FRQGLWLRQVZKHUH)$67PLJKWEHLQVXIILFLHQW 
2XU QHDU IXWXUH VWXG\ ZLOO PRYH RQWR D IORDWLQJ RIIVKRUH
ZLQG WXUELQH ZLWK DHURHODVWLF EODGHV 7KH HIIHFW RI IORDWLQJ
SODWIRUPRQWKHZLQGWXUELQHSRZHUZLOOEHILUVWO\LQYHVWLJDWHG
ZLWK D SUHVFULEHG SODWIRUP PRWLRQ 'HYHORSPHQW RI D IXOO\
FRXSOHGDHURK\GURPRRULQJHODVWLF&)'WRROLVRXUXQGHUJRLQJ
WDVN:LWKWKLVWRROZHZLOOEHDEOHWRPRGHODIORDWLQJRIIVKRUH




:H6W +LJK 3HUIRUPDQFH &RPSXWHU ZZZDUFKLHZHVWDFXN
(365&JUDQW1R(3.7KLVZRUNLVDOVRVXSSRUWHGE\
(365& 5$3 SURMHFW IRU DFFHVVLQJ $5&+(5 8. 1DWLRQDO
6XSHUFRPSXWLQJ 6HUYLFH KWWSZZZDUFKHUDFXN 7KH ILUVW
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